Background/Aims: In the process of bone development and remodeling, the vasculature is regarded as the communicative network between the bone and neighboring tissues. Recently, it has been reported that the processes of angiogenesis and osteogenesis are coupled temporally and spatially. However, few studies reported the relationship and relevant mechanism between osteoclastogenesis and vasculogenesis. Methods: Arraystar Mouse lncRNA microarray V3.0 was firstly used to analyze the differentially expressed lncRNA genes in osteoclast different stages during osteoclastogenesis. Cell counting kit 8 (CCK-8) analysis, quantitative real-time polymerase chain reaction (qRT-PCR) analysis, migration and tube formation assays were used to detect impact of osteoclast different stages on the proliferation, differentiation, migration and tube formation of endothelial progenitor cells (EPCs), respectively. Finally, transfection of AK131850 shRNA, miR-93-5p mimic and miR-93-5p inhibitor, qRT-PCR, western blotting, enzyme-linked immunosorbent assay (ELISA), fluorescence in situ hybridization (FISH) and luciferase reporter assay were carried out to dissect molecular mechanisms. Results: In this study, we found that newborn OCs (N-OC) and mature OCs (M-OC) during osteoclastogenesis significantly promoted proliferation, differentiation, migration and tube formation of endothelial progenitor cells (EPCs). Through lncRNA microarray and GO&pathway analysis, we found that AK131850 and co-expressed gene, vascular endothelial growth factor a (VEGFa), were significantly up-regulated in N-OC and M-OC. After inhibition of AK131850 
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Introduction
Bone is one of the most highly vascularized and heterogeneous tissue in human body. The vasculature plays a significant role in the process of skeletal development during the embryonic stage, postnatal growth, and bone remodeling [1] . Apart from supplying the skeletal system with oxygen or nutrients and remove metabolites from the bone, the vasculature is also regarded as the communicative network between the bone and neighboring tissues [2, 3] . During the skeletal development, new blood vessel formation, also termed neovascularization, can be independently achieved through angiogenesis and vasculogenesis. Angiogenesis refers to the process by which new blood vessels sprout from the existing vasculature through the recruitment of endothelial cells (ECs), while vasculogenesis refers to the de novo formation of blood vessels from endothelial progenitors circulating bone marrow-derived endothelial progenitor cells (EPCs) [4, 5] . Recently, a number of breakthrough studies have pointed out that the processes of angiogenesis and osteogenesis are coupled temporally and spatially through the communication among vascular ECs, bonebuilding osteoblasts (OBs), and bone-resorbing osteoclasts (OCs) during bone development and remodeling [6] [7] [8] . The coupling relationship between angiogenesis and osteogenesis was reported in early studies by Clemens et al., who demonstrated that HIF-1 was a key molecule that couples angiogenesis to bone formation [9] . Subsequent work by Adams et al. showed that HIF-1 increased the formation of osteoblast precursors through enhancing the new blood vessel and thus forming more independent bone formation units [10] . Besides angiogenesis, more recent data suggested that the basis for native neovascularization during postnatal development was not restricted to angiogenesis but also included vasculogenesis [11, 12] . However, few studies investigated if and how vasculogenesis may play a role in skeletal development. Therefore, investigation of vasculogenesis in skeletal development might help to provide new information to deal with the vasculature-dependent skeletal problem which negatively affect the bone metabolism.
Bone resorption, mainly executed by OCs, is the initial event of skeletal development during the embryonic stage, postnatal growth, and bone remodeling, creating conditions for the neovascularization and bone formation [13] . At the same time, the involvement of EPCs in the early bone resorption activity is an important event for promoting skeletal development [8, 14] . OCs are specialized multinucleated cells derived from hematopoietic stem cells or monocytes/macrophage progenitor cells [15] . There are three different stages during osteoclastogenesis: preosteoclast (Pre-OC), newborn osteoclast (N-OC) and mature osteoclast (M-OC) [16] [17] [18] . EPCs are a population of cells that are found circulating in the bone marrow and peripheral blood, which have the ability to differentiate into mature EC and then participate in vasculogenesis. There are two types of EPCs: early EPCs and late EPCs. Early EPCs show peak growth at 1 to 3 weeks and die at 4 weeks after isolation, which present a small sub-fraction from mononuclear cells, display low proliferative potential and have the ability to produce potent cytokines and growth factors. However, late EPCs appear late at 2 to 3 weeks, show exponential growth at 4 to 8 weeks and die at 12 weeks after isolation, which exclusively express endothelial cell-specific antigens, such as CD34 and Flk-1, and show extensive proliferative potential [19, 20] . It has been reported that late EPCs produce more nitric oxide, incorporate more readily into monolayer of ECs, and form capillary tube better than early EPC [21] . In addition, many factors involved in neovascularization are released by OCs. These include not only vascular endothelial growth factor (VEGF) but also bone morphogenetic protein 7, which promotes endothelial cell survival [22] , and the epithelial growth factor-like family members, that induce endothelial cell migration and tube formation [23] . Therefore, it can be believed that OCs are implicated in the involvement of neovascularization through their paracrine. Furthermore, the latest studies pointed that Pre-OC-releasing platelet-derived growth factor-BB (PDGF-BB) could not only induce osteoblastic differentiation of mesenchymal stem cells and promote EPCs differentiating into mature ECs in vitro, but also induce CD31 hi Emcn hi vessel subtype in coupling osteogenesis in vivo [24] . This finding identified the specific involvement of OCs in the coupled vascular and osteogenic transformation pivotal to bone development and remodeling, highlighting the importance of osteoclast-derived factors in coupling bone forming activities with vascularization. From above, it's worth noting that there could be a strongly promoting effect of paracrine from OCs during osteoclastogenesis on EPCs mediated vasculogenesis. However, the effect of different stages during osteoclastogenesis on EPCs mediated vasculogenesis is still poorly studied, and the molecular mechanism remains to be elucidated.
Long non-coding RNAs (lncRNAs), that have the transcripts longer than 200 nucleotides, yet limited coding potential, are recently recognized regulating molecules involved in a variety of biological functions like gene expression, cell proliferation, and differentiation [25] . The expression profile of lncRNAs is tissue-specific and differentially expressed across various stages of cell differentiation [26] . Recently, it has been reported that lncRNAs play an important role in regulating bone development and remodeling, however, most of the functions of lncRNAs in these processes still remain unclear [27, 28] . The regulating function of lncRNAs is not solitary but by the diverse and complex mechanism with the participation of DNA, microRNAs, mRNAs, and proteins [29] [30] [31] . Similar with lncRNAs, microRNAs, which are non-coding small RNAs composed of approximately 22 nucleotides, are also involved in controlling bone development and remodeling, including osteoclastogenesis [32] [33] [34] . In recent studies, an interesting point of view has been presented that lncRNAs are regarded as the role of sponges to make microRNAs exhausted, thus preventing mRNA from degradation by microRNA [28, 35] . In spite of these promising findings, the recognition of lncRNAs which play a vital role in different stages during osteoclastogenesis and the detailed mechanism of the genetic pathways remains to be investigated.
Based on the above studies, in this paper, we investigated whether there were lncRNAs in different stages during osteoclastogenesis regulating paracrine of these cells and thus promoting vasculogenesis mediated by EPCs. Our results provided the first demonstration that lncRNA-AK131850 sponged miR-93-5p in N-OC and M-OC during osteoclastogenesis to enhance the secretion of VEGFa, thus promoting vasculogenesis of EPCs.
Materials and Methods

Cell culture
Murine monocyte macrophage RAW264.7 cells were purchased from American Type Culture Collection (ATCC; Manassas, VA, USA). RAW264.7 cells were cultured with Dulbecco's modified Eagle's medium (DMEM; Gibco, Grand Island, NY, USA) containing 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) and 1% penicillin-streptomycin (Hyclone, Thermo Scientific, Waltham, MA, USA) at 37°C in a humidified atmosphere of 5% CO 2 .
The EPCs were separated from the bone marrow mononuclear cells of C57BL/6 mice by density gradient centrifugation as described previously [36] [37] [38] . All experimental procedures were approved by Third Military Medical University and were performed according to the guidelines of laboratory animal care and use. Briefly, adult male C57BL/6 mice aged 8 weeks were sacrificed by cervical dislocation. Under sterilized conditions, mononuclear cells were isolated from the femora and tibia by washing the cavities with Roswell Park Memorial Institute 1640 medium (RPMI 1640; Gibco, Grand Island, NY, USA) till the femora and tibia turned white. Cell suspension was screened on a 200 mesh sieve and separated by centrifugation at centrifugal force of 400g for 30 min by using Histopaque-1077 Hybri-Max (Sigma-Aldrich, Saint Louis, MO, USA). The middle layer containing mononuclear cells were collected and washed twice Fig.1 ).
Induction of osteoclast differentiation at different stages
The procedure of inducing osteoclast different stages during osteoclastogenesis was admitted and described in previous study [16, 39, 40] . In brief, RAW264.7 cells before 3 passages were cultured with osteoclast differentiation medium consisting of DMEM supplemented with 10% FBS, 1% penicillinstreptomycin, 100 ng/ml receptor activator of nuclear factor κB ligand (RANKL; R&D Systems, Minneapolis, MN, USA) and 50 ng/ml macrophage colony stimulating factor (M-CSF; R&D Systems, Minneapolis, MN, USA) for 24 h, 72 h and 96 h to gain Pre-OC, N-OC and M-OC, respectively. The RAW264.7 cells without the treatment of osteoclast differentiation medium were regarded as the Control. OCs at different stages were evaluated by tartrate-resistant acid phosphatase (TRAP) staining for differentiation, focal adhesion (FAK) staining for cytoskeleton, and quantitative real time polymerase chain reaction (qRT-PCR) for the gene expression related to differentiation and fusion (see online suppl. material, Suppl. Fig. 2 ). Furthermore, total RNAs from different stages were extracted by Trizol reagent (Takara, Nojihigashi, Japan) and stored at -80°C. Arraystar Mouse LncRNA Microarray V3.0 was performed to detect lncRNA expression by KangChen Bio-tech (Shanghai, China) and GO&pathway analysis was used through DAVID bioinformatic resources 6.7 (http://david. abcc.ncifcrf.gov) and KEGG Pathway Database (http://www.genome.jp/kegg/pathway.html) to predict potential lncRNA function and annotation of co-expressed genes, finally qRT-PCR was carried out to verify the expression of the selected lncRNA and its underlying targets. For enzyme-linked immunosorbent assay (ELISA) of VEGFa, the supernatants from different stages were directly harvested and centrifuged at 1000 rpm for 5 min, and then supernatants were collected and stored at -80°C. For preparation of condition medium, the medium was replaced with DMEM containing 10% FBS and 1% penicillin-streptomycin after finishing the induction of OCs at different stages and cells were cultured at 37°C in a humidified atmosphere of 5% CO 2 for 48 h. After 48 h, the supernatants were harvested and centrifuged at 1000 rpm for 5 min. After centrifugation, supernatants were collected and stored at -80°C for further use.
Cell transfection
For analysis of AK131850, short hairpin RNA (shRNA) against AK131850 and negative control shRNA were synthesized and constructed in the hU6-MCS-CMV-GFP-SV40-Neomycin plasmid by Shanghai Genechem Co.,Ltd (Shanghai, China). The sequences for AK131850 shRNA were as follows: 5'-CGCGACCCGGAGCAAACTTCT-3'. For analysis of miR-93-5p, the miR-93-5p mimic, miR-93-5p inhibitor and the corresponding negative control were designed and synthesized by GenePharma Co., Ltd. (Shanghai, China). The sequences of miR-93-5p mimic and miR-93-5p inhibitor were: 5'-CAAAGUGCUGUUCGUGCAGGUAG-3' and 5'-CUACCUGCACGAACAGCACUUUG-3', respectively.
Transfections were performed using the Lipofectamine 2000 kit (Invitrogen, Carlsbad, USA) and Opti-MEM ® I reduced serum medium (Gibco, Grand Island, NY, USA) according to the manufacturer's instructions. In brief, RAW264.7 cells before 3 passages (5×10 4 ) were seeded onto six-well plates and induced with osteoclast differentiation medium for 24 h, 72 h and 96 h to get Pre-OC, N-OC and M-OC, respectively. The RAW264.7 cells without the treatment of osteoclast differentiation medium were regarded as the Control. For analysis of AK131850, Control, Pre-OC, N-OC and M-OC were transfected with AK131850 shRNA (referred as to sh) and negative control shRNA (referred as to nc), respectively. For analysis of miR-93-5p, N-OC and M-OC were transfected with AK131850 shRNA (referred as to sh), AK131850 shRNA and miR-93-5p mimic (referred as to sh+mimic), and AK131850 shRNA and miR-93-5p inhibitor (referred as to sh+inhibitor), respectively. The cells without transfection were used as the control (referred as to control).
After transfected for 8 h, the medium was replaced with DMEM containing 10% FBS and 1% penicillinstreptomycin and cells were cultured at 37°C in a humidified atmosphere of 5% CO 2 for 48 h. After 48 h, the supernatants from different groups were harvested and centrifuged at 1000 rpm for 5 min, and then supernatants were collected and stored at -80°C for preparation of condition medium and ELISA of VEGFa. Moreover, total RNAs from different groups were extracted using Trizol reagent and stored at -80°C for qRT-PCR of AK131850 and VEGFa, respectively. Total proteins from different groups were lysed in radio immune precipitation assay (RIPA) buffer (Beyotime Biotechnology, Nantong, JiangSu, China) for Western Blotting of VEGFa, respectively.
Treatment of EPCs with condition medium
Considering growth and proliferative potential, and the ability to form capillary tube, 28 d EPCs were chose in this study. In brief, after separated from the bone marrows and cultured for 28 d, EPCs (5×10 4   ) were seeded onto six-well plates and cultured with EGM-2MV medium with equal volume of condition medium (total volume was 2 ml/well) from above different groups. The culture medium was refreshed every 3 d. After EPCs cultured with condition medium from Control, Pre-OC, N-OC and M-OC for 1 d, 7 d and 14 d (EGM-2MV medium was used as the blank control and referred as Blank), Cell Counting Kit-8 (CCK-8) was used to detect the proliferation, qRT-PCR was applied to exam the differentiation gene expression of vascular endothelial growth factor receptor 2 (VEGFR-2), cluster of differentiation 31 (CD31), von Willebrand factor (vWF) and vascular endothelial cadherin (VE-Cadherin), migration assay was carried out to evaluate the motility and finally tube formation was conducted to observe the function of vasculogenesis, respectively. Furthermore, after EPCs cultured with condition medium of nc and sh from Control, Pre-OC, N-OC and M-OC for 14 d, CCK-8, qRT-PCR, migration assay and tube formation assay was carried out to evaluate the proliferation, differentiation, motility and function of vasculogenesis, respectively. Finally, after EPCs cultured with condition medium of control, sh, sh+mimic and sh+inhibitor from N-OC and M-OC for 14 d, CCK-8, qRT-PCR, migration assay and tube formation assay was carried out to evaluate the proliferation, differentiation, motility and function of vasculogenesis, respectively.
CCK-8 assay
To evaluate EPCs proliferation, the CCK-8 kit (Dojindo, Kumamoto, Japan) was used according to the manufacturers' instructions. Briefly, the medium was firstly removed from the culture plate, and then all cells were rinsed with PBS solution for 3 times. Next, cells were incubated with a mixture solution of fresh medium of EGM-2MV and CCK-8 reagent (v/v = 10:1). After incubation for 3 h, the mixture solution was added to the 96-well plate and detected with the multi-detection microplate reader (BioTek Instruments, Winooski, VT, USA) at wavelength of 450 nm. Wells containing the CCK-8 reagent but no cells were used as the blank control.
RNA extraction and qRT-PCR
The extractions from each sample were stored for 15 min at room temperature, and treated with 200 μl of trichloromethane (Chengdu Kelong Chemical CO., LTD., Chengdu, China). After centrifuging at 4°C at 12000 rpm for 15 min, the upper phase was treated with an equal volume (400 μl) of isopropanol (Chengdu Kelong Chemical CO., LTD, Chengdu, China) at -20°C for 2 h and then centrifuged at 4°C at 12000 rpm for 15 min to form a pellet. Subsequently, the pellet was washed with 75% ethanol and air-dried. The isolated total RNA was then re-dissolved in 20 μl diethylpyrocarbonate-treated (DEPC-treated) water (Shanghai Sangon Biology Technology and Services CO., LTD., Shanghai, China). Concentrations of the RNA samples were measured by OD 260 using the ultra-low volume spectrometer (BioDrop μLite, Cambridge, England), and the purity was determined by the high ratio of OD 260 to OD 280 . The reverse transcription of first strand cDNA was performed with a PrimeScript TM RT reagent kit (Takara, Nojihigashi, Japan) according to the manufacturer's instructions. The qRT-PCR was performed on a CFX96 Real-Time System instrument (Bio-Rad, Hercules, CA, USA) using SYBR Premix Ex Taq II (Takara, Nojihigashi, Japan) as fluorescent probe. The cycling conditions were as follows: 95°C for 30 s, 40 cycles of 95°C for 5 s, and 60°C for 30 s. All reactions were run in triplicate and were normalized to the reference gene β-actin. All related primers were designed and synthesized by Shanghai Sangon Biology Technology and Services CO., LTD. (Shanghai, China) and sequences were displayed in Table 1 (the primer sequences related to differentiation and fusion of OCs were shown (see online suppl. material) in Suppl. EPCs were seeded on the upper chamber of 24-well with the volume of 200 μl. At the same time, 600 μl of EGM-2MV medium was added to the lower chamber. After 24 h of incubation at 37°C in a humidified atmosphere of 5% CO 2 , cells were fixed in 4% paraformaldehyde (Boster Biological Technology, Wuhan, Hubei, China) and non-traversed cells remaining in the upper membrane were scraped off cotton swab. Traversed cells in the lower side of the membrane were stained with 0.1% crystal violet (Shanghai Sangon Biology Technology and Services CO., LTD., Shanghai, China). Under optical microscope, traversed cells were counted from five randomly chosen fields at 100× magnification and the results were reported as the number of cells per field.
Tube formation assay
Cell tube formation was measured by using Matrigel synthetic basement membrane (BD Biosciences, San Jose, CA, USA). In brief, 200 μl Matrigel was plated in each well of a 24-well plate and allowed to polymerize at 37°C for 30 min. After Matrigel polymerization, 1×10 5 EPCs were seeded on top of the Matrigel with 500 μl EGM-2V medium. After incubation for 6 hours at 37°C, tube formation was observed in 5 randomly selected microscopic fields at 100× magnification under an inverted microscope (Leica DMI600, Wetzlar, Germany). Tube formation was quantified by measuring the number of branch points and meshes by ImageJ software (National Institutes of Health, Bethesda, MD, USA).
Western blotting
The lysates of EPCs were incubated on ice for 30 min and then centrifuged at 12, 000 rpm for 10 min to precipitate the debris. The concentration of proteins was detected by the bicinchoninic acid (BCA) protein assay kit (Beyotime Biotechnology, Nantong, JiangSu, China) and then proteins were subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE; Beyotime Biotechnology, Nantong, JiangSu, China) followed by transferred onto Polyvinylidene Difluoride (PVDF) membranes (Immobilon™-PSQ Membranes, Sigma-Aldrich, Saint Louis, MO, USA). After blocked in 5% skim milk (Beyotime Biotechnology, Nantong, JiangSu, China) for 1 h, the membranes were incubated with rabbit antibodie against VEGFa (1:500, Abcam) and β-actin (1:1000, Abcam, Hong Kong, China) overnight at 4°C and then with the secondary antibody (1:1000, Abcam, Hong Kong, China) for 1 h. β-actin was used as the loading control. Immunoreactive bands were visualized in ChemiDoc XRS+ imaging system (Bio-Rad, Hercules, CA, USA).
ELISA
The quantification of VEGFa in the supernatants from each sample were determined by using the Mouse VEGFa ELISA Kit (CUSABIO Biotechnology, Wuhan, Hubei, China) according to the instructions of the manufacturer. Absorbance at 450 nm was detected by multi-detection microplate reader. The amount of VEGFa released in the supernatants was expressed in nanogram per milliliter (ng/ml).
Fluorescence in situ hybridization (FISH)
Subcellular localization of AK131850 and VEGFa in OCs at different stages were detected by FISH kit (Guangzhou Biosense Bioscience Co., Ltd, Guangzhou, China) according to the manufacturer's instructions. In brief, RAW264.7 cells (2×10 4 ) were seeded on cell slides in 24-well culture plates and cultured with osteoclast differentiation medium for 24 h, 72 h and 96 h to gain Pre-OC, N-OC and M-OC, respectively. After fishing induction, cells were fixed in 4% paraformaldehyde for 30 min at room temperature. After permeabilization, cells were prehybridized with hybridization solution and then incubated with both of the cy3-labeled AK131850 oligonucleotide probe and FAM-labeled VEGFa oligonucleotide probe (the Table 1 . Primer sequences for qRT-PCR
sequences of probes were shown (see online suppl. material) in Suppl. Table 2 ). Cell nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI) for 5 min at room temperature. Fluorescence images were obtained by laser scanning confocal microscope (LSM700, Carl Zeiss, Germany).
Luciferase reporter assay
The fragments of wild-type 3′-UTR and mutated 3′-UTR of VEGFa including the putative miR-93-5p binding sites predicted by RegRNA 2.0 (http://regrna2.mbc.nctu.edu.tw/) and full sequences of AK131850 wild-type and mutated containing miR-93-5p binding sites predicted by RegRNA 2.0 (http://regrna2. mbc.nctu.edu.tw/) and Starbase v2.0 (http://starbase.sysu.edu.cn/mirLncRNA.php) were cloned into the downstream of luciferase gene in psiCHECK TM -2 luciferase reporter vector by Oligobio Co., Ltd (Beijing, China) and named as the reporter vectors VEGFa WT, VEGFa MT, AK131850 WT, and AK131850 MT, respectively (the sequences were shown, see online suppl. material, in Suppl. Table 3 ). For cotransfection, HEK 293T cells (ATCC; Manassas, VA, USA) were plated in 96-well plate and cotransfected with 100 ng of AK131850 WT, AK131850 MT, VEGFa WT, or VEGFa MT and 100 nM miR-93-5p mimic or nc by using Lipofectamine 2000 and and Opti-MEM ® I reduced serum medium. After transfection for 48 h, the luciferase activities were measured by using the dual luciferase reporter assay system (Promega, Madison, WI, USA) according to the manufacturer's protocol. Renilla luciferase activities were normalized to the firefly luciferase activities and the data were expressed as the fold change relative to the corresponding control groups which were defined as 1.0.
Statistical analysis
All data were representative of at least three experiments. The quantitative data were reported as means ± standard deviation (SD). Statistical differences were carried out by using the unpaired Student's t test between two groups and using one-way ANOVA followed by Student-Newman-Keuls post hoc test between multiple group. All statistical analyses were conducted by using the SPSS 20.0 (SPSS Inc., Chicago, IL, USA). A value of P<0.05 indicated statistically significant.
Results
AK131850 and its co-expressed VEGFa are significantly up-regulated in N-OC and M-OC during osteoclastogenesis
To understand potential involved lncRNAs in osteoclast different stages during osteoclastogenesis, Arraystar Mouse lncRNA microarray V3.0 that contained probe sequences for 35923 mouse lncRNAs was used to analyze the differentially expressed lncRNA genes. Our results confirmed that there were 8412 lncRNAs differentially expressed in osteoclast different stages during osteoclastogenesis and the expression profiles were presented as the cluster diagram (Fig. 1A) . According to the relationship of lncRNAs and their nearby coding genes (within 300 kb) which might be involved in regulating neovascularization, we found that AK131850 with the nearby gene of VEGFa was significantly up-regulated in N-OC (fold>2, P<0.05) and the relationship between AK131850 and VEGFa was natural antisense. Accordingly, both AK131850 and VEGFa were selected for further investigation. Following by microarray analysis, GO&pathway analysis was used to predict the potential function of AK131850 and co-expressed genes. As shown in Fig. 1B , the results demonstrated that AK131850 could co-express with VEGFa, FGF-1, sFlt1, H2-M2 and Tnk1 in osteoclast different stages during osteoclastogenesis, suggesting that AK131850 and its co-expressed genes might play an important role in skeletal development. By finding and reading references, we found that VEGFa, FGF-1 and sFlt1 played a vital role in vasculature [41] [42] [43] [44] . Therefore, qRT-PCR was used to further confirm the mRNA expression of AK131850 and co-expressed genes of VEGFa, FGF-1 and sFlt1, and results of significant data are summarized in the graphs shown in Fig. 1C . Remarkable increased level of AK131850 was observed in Pre-OC, N-OC and M-OC compared with that in Control, and it was much higher in the N-OC and M-OC than that in Pre-OC. In addition, obvious increased level of VEGFa was found in Pre-OC, N-OC and M-OC, and N-OC and M-OC showed higher level of VEGFa expression than Pre-OC. However, it 
N-OC and M-OC remarkably promotes proliferation, differentiation, migration and tube formation of EPCs
To investigate the effect of osteoclast different stages during osteoclastogenesis on EPCs, condition medium from Control, Pre-OC, N-OC and M-OC was collected. After cultured with condition medium for 1 d, 7 d, and 14 d, CCK-8, qRT-PCR, migration and tube formation assays were used to detect the proliferation, differentiation, migration and tube formation of EPCs, respectively. CCK-8 results showed that Pre-OC, N-OC and M-OC exhibited significantly higher (Fig. 2B) . Furthermore, the migration results showed the presence of significantly more migrating EPCs treated with condition medium from N-OC and M-OC compared with those from Blank, Control and Pre-OC at 1 d, 7 d and 14 d (Fig. 2C and 2D ). As shown in Fig. 2E and 2F, the EPCs cultured with condition medium from N-OC and M-OC for 1 d, 7 d and 14 d exhibited large amounts of branching points and meshes, while the EPCs cultured with condition medium from Blank, Control and Pre-OC formed limited branching points and meshes. It was worth noting that N-OC showed the highest promoting effect on EPC differentiation, migration and tube formation among other stages of OCs during osteoclastogenesis. Taken together, N-OC and M-OC remarkably promoted the proliferation, differentiation, migration and tube formation of EPCs, and N-OC had the highest promoting effect on EPCs. In consideration of that the promoting effect of osteoclast different stages on EPCs were obviously higher at 14 d than those at 1 d and 7d, 14 d was chosen for the duration of culture period that EPCs were treated with the condition medium in the following experiments.
Inhibition of AK131850 reverses the promoting effect of N-OC and M-OC on EPCs
To explore whether AK131850 took part in regulating the promoting effect of osteoclast different stages on EPCs, Control, Pre-OC, N-OC and M-OC were transfected with shRNA against AK131850 and negative control shRNA, respectively. After 48 h transfection, the condition medium from different stages was collected and used to treat EPCs for 14 d. After 14 d treatment, CCK-8, qRT-PCR, migration and tube formation assays were used to detect the proliferation, differentiation, migration and tube formation of EPCs, respectively. CCK-8 results found that after the inhibition of AK131850 in Control, Pre-OC, N-OC and M-OC, the absorption at 450 nm of EPCs was significantly decreased (Fig. 3A) . For qRT-PCR, remarkable decreased mRNA levels of VEGFR2, CD31, vWF and VE-Cadherin were observed in the sh of Control, Pre-OC, N-OC and M-OC in comparison to those in the nc of Control, Pre-OC, N-OC and M-OC, respectively (Fig. 3B) . Moreover, the migration results exhibited the Fig. 3C and 3D ). As shown in Fig. 3E and 3F, the EPCs cultured with condition medium from the sh of Control, Pre-OC, N-OC and M-OC formed small amounts of branching points and meshes, while the EPCs cultured with condition medium from the nc of Control, Pre-OC, N-OC and M-OC shaped into a large number of branching points and meshes. Taken together, above results demonstrated that inhibition of AK131850 reversed the promoting effect of osteoclast different stages on proliferation, differentiation, migration and tube formation of EPCs, validating the hypothesis that remarkably increased AK131850 in N-OC and M-OC during osteoclastogenesis could regulate vasculogenesis during skeletal development.
AK131850 regulates gene transcription, protein expression and secretion of VEGFa
To investigate whether AK131850 regulated its nearby co-expressed coding gene VEGFa in osteoclast different stages as a result of promoting proliferation, differentiation, migration and tube formation of EPCs, Control, Pre-OC, N-OC and M-OC were transfected with shRNA against AK131850 and negative control shRNA, respectively. After transfected for 48 h, qRT-PCR, western blotting and ELISA were carried out to exam the mRNA expression, protein expression and secretion levels of VEGFa. At the same time, the protein expression and secretion levels of VEGFa in Control, Pre-OC, N-OC and M-OC without transfection were also detected. The results of qRT-PCR demonstrated that the mRNA expression levels of AK131850 and VEGFa were significantly decreased in Control, Pre-OC, N-OC and M-OC, after transfected with AK131850 shRNA, respectively ( Fig. 4A and 4B) . At the protein level, the expression of VEGFa was obviously higher in N-OC and M-OC, meanwhile, slightly higher in Pre-OC when compared with that in Control (Fig. 4C) . However, after transfected with AK131850 shRNA, the protein expression of VEGFa in Control, Pre-OC, N-OC and M-OC was remarkably decreased (Fig. 4D) . VEGFa gene were then sent for ELISA analysis to verify if the high expression of mRNA and protein could be effectively changed into protein secretion 
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and the results were shown in Fig. 4E . The protein secretion of VEGFa showed unambiguous elevation in N-OC and M-OC. Consistent with the results of qRT-PCR and western blotting, after transfected with AK131850 shRNA, the secretion of VEGFa in Control, Pre-OC, N-OC and M-OC was significantly down-regulated (Fig. 4F) . To sum up, it was believed that AK131850 promoted its nearby co-expressed gene VEGFa transcription, protein expression and secretion in N-OC and M-OC. Based on the above-mentioned results, N-OC and M-OC were selected as the target cells to be used in the following investigation.
AK131850 up-regulates VEGFa by competing for miR-93-5p binding in N-OC and M-OC
To gain insights into the precise mechanism by which AK131850 modulates VEGFa, FISH was used firstly to observe the distribution of AK131850 and VEGFa in osteoclast different stages. As seen in Fig. 5A , AK131850 and VEGFa were found to be primarily localized in the cytoplasm of osteoclast different stages. This finding provided the evidence that AK131850 might act as endogenous sponge RNA to interact with the miRNA, existed only in cytoplasm, and influence the expression of the miRNA as well as its target mRNA. Accordingly, bioinformatic prediction was used by RegRNA 2.0 and Starbase v2.0 to find the miRNA that might bind to both of AK131850 and VEGFa. As expected, miR-93-5p was found to contain the potential conserved binding sites for both of AK131850 and VEGFa (Fig. 5B) . For validation, luciferase reporters containing AK131850 WT or MT of the miR-93-5p binding site were constructed and co-transfected with miR-93-5p into 293T cells. It could be found that the miR-93-5p mimic significantly suppressed the luciferase activities of the AK131850 WT, whereas it had less influence on the AK131850 MT or empty vector (Fig. 5C ). In addition, to find out whether the binding site on miR-93-5p binds to the VEGFa 3'UTR, luciferase reporters containing the miR-93-5p binding site on the VEGFa 3'UTR 
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Cellular Physiology and Biochemistry was constructed. Similarly, the miR-93-5p mimic obviously down-regulated the luciferase activities of the VEGFa WT but not the VEGFa MT or empty vector (Fig. 5C ). To further confirm whether AK131850 acted as endogenous sponge RNA to interact with miR-93-5p and influence the expression of its target gene VEGFa, N-OC and M-OC were transfected with AK131850 shRNA, AK131850 shRNA and miR-93-5p, and AK131850 shRNA and miR-93-5p inhibitor, respectively. After transfection, qRT-PCR, western blotting and ELISA were respectively used to detect the mRNA expression, protein expression and secretion levels of VEGFa. As shown in Fig. 5D , the AK131850 mRNA expression in N-OC and M-OC were significantly decreased after transfected with AK131850 shRNA, AK131850 shRNA plus miR-93-5p mimic and AK131850 shRNA plus miR-93-5p inhibitor, respectively, but there was no significant difference among them. Most importantly, the mRNA expression level of VEGFa in N-OC and M-OC were remarkably down-regulated after transfected with AK131850 shRNA and further decreases were found after cotransfected with miR-93-5p mimic, meanwhile, reverses were also detected after cotransfected with miR-93-5p inhibitor (Fig. 5E ). At the same time, the protein expression and secretion were consistent with the mRNA expression and the results were shown in Fig. 5F and 5G, respectively. In summary, it was certain that AK131850 is highly expressed in N-OC and M-OC and it sponged miR-93-5p sponged miR-93-5p, thus up-regulating the transcription, protein expression and secretion of its target gene VEGFa.
AK131850 in N-OC and M-OC promotes proliferation, differentiation, migration and tube formation of EPCs through sponging miR-93-5p
To further confirm whether the promoting effect of N-OC and M-OC on EPCs through VEGFa was modulated by the sponge of AK131850 on miR-93-5p, EPCs were treated with the condition medium from the control, sh, sh+mimic and sh+inhibitor of N-OC and M-OC for 14 d, respectively. Fourteen days later, CCK-8, qRT-PCR, migration and tube formation assays were used to detect the proliferation, differentiation, migration and tube formation of EPCs, respectively. CCK-8 results indicated that after AK131850 suppression in N-OC and M-OC, the absorption at 450 nm of EPCs was significantly decreased and further decreases were found after miR-93-5p overexpression, meanwhile, obviously increases were also detected after miR-93-5p inhibition (Fig. 6A) . For qRT-PCR, remarkable decreased mRNA levels of VEGFR2, CD31, vWF and VE-Cadherin were observed in the sh of N-OC and M-OC, and further reductions were observed after the overexpression of miR-93-5p, at the same time, dramaticlly increases were also detected after the inhibition of miR-93-5p (Fig. 6B) . In addition, the migration results exhibited the presence of significantly fewer migrating EPCs treated with condition medium from the sh of N-OC and M-OC, while overexpression of miR-93-5p could further decreased the number of migrated cells and inhibition of miR-93-5p could reverses the down-regulations induced by AK131850 inhibition (Fig. 6C and 6D) . Similarly, the EPCs cultured with condition medium from the sh of N-OC and M-OC formed fewer branching points and meshes, while overexpression of miR-93-5p could further decreased the number of branch points and meshes, and inhibition of miR-93-5p could reverses the down-regulations induced by AK131850 inhibition (Fig. 6E, 6F and 6G ). To sum up, our findings suggested that AK131850 sponged miR-93-5p to enhance the secretion of VEGFa in N-OC and M-OC, thus promoting proliferation, differentiation, migration and tube formation of EPCs.
Discussion
New blood vessel formation is necessary for skeletal development during the embryonic stage, postnatal growth, and bone remodeling [6] . Recently, it has been reported that the relative abundance of the H-type vessels is important in the processes of bone formation or bone loss [7, 10] . Additionally, Xie et al. revealed that PDGF-BB secreted by Pre-OC controlled the formation of the H-type vessel subtype to enhance the coupling of bone formation and angiogenesis, suggesting the importance of OCs in promoting vascularization during bone development and remodeling [24] . It was very interesting in our study to find that N-OC and M-OC could remarkably promote the proliferation, differentiation, migration and tube formation of EPCs, and N-OC showed the best promoting effect. Similarly, our findings also identified the specific participation of OCs in vasculogenesis during bone development and remodeling. On the basis of above findings, it could be sure that OCs at different stages during osteoclastogenesis all acted as vital roles in modulating neovascularization pivotal to bone development and remodeling.
Accumulating evidence suggests that lncRNAs is tissue-specific and differentially expressed across varying stages during cell differentiation [26, 45] . Furthermore, emerging findings from Zhu et al. have pointed out that the bone development and remodeling processes are regulated by lncRNAs [46] . They demonstrated that lncRNA ANCR expression was higher in human fetal osteoblastic cell line hFOB1.19, while was remarkably decreased during Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry the differentiation, because lncRNA ANCR physically interacted with enhancer of zeste homolog 2, resulting in suppression of a key transcription factor Runx2 through its promoter region methylation. Interestingly, our results indicated that lncRNAs differentially expressed in osteoclast different stages during osteoclastogenesis. Importantly, the expression of AK131850 were up-regulated during osteoclastogenesis; besides, N-OC and M-OC expressed higher mRNA level of AK131850 than Pre-OC and Control. After transfected with AK131850 shRNA, the effect of OCs during osteoclastogenesis was obviously reversed, identifying the involvement of AK131850 closely related to osteoclastogenesis and vasculogenesis.
VEGF has been proven to be one of the most important modulators involved in process of neovascularization via VEGFR-mediated signaling pathways and acts as a pivotal part in bone development [47, 48] . Evidence has shown that VEGF, is produced by most parenchymal cells and acts in a paracrine manner on adjacent vascular cells to regulate neovascularization [22] . Recently, it has been reported that transforming growth factor-β (TGF-β) stimulated OBs could synthesis VEGF through the negative regulator heat shock protein 70 [49] . In vasculogenesis process, VEGF is indispensable for recruitment, retention, proliferation, differentiation, migration and capillary-like structure formation of EPCs [50, 51] . In addition, the VEGF family is a family of homodimeric proteins consisting of six members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E and placenta growth factor [48] . VEGFa has been studied mostly of the family and is one of the main promoters of both physiological and pathological neovascularization [52, 53] . In this study, it found that VEGFa was highly expressed in N-OC and M-OC, of which the gene transcription, protein expression and secretion were modulated by AK131850. These findings pointed out the co-expression relationship between AK131850 and VEGFa. Recently, Fabbri et al. has predicted the binding sites of miR-93-5p in the 3'UTR region of VEGF and found that miR-93-5p may be proposed to reduce VEGF dependent angiogenesis in neuroblastomas [54] . Similarly, our results also predicted the putative miR-93-5p binding sites with 3′-UTR of VEGFa and luciferase reporter assay further confirmed that miR-95-5p directly targeted VEGFa. Additionally, a novel post-transcriptional regulatory mechanism of RNAs has been reported in which lncRNAs crosstalk with miRNAs through competing, functioning as competing endogenous RNAs and thus modulating the derepression of miRNAs on their targets [55] . For instance, Xiao et al. demonstrate that LncRNA MALAT1 may function as a competing endogenous RNAs to up-regulate Smad4 expression by sponging miR-204, promoting osteoblast differentiation of human aortic valve interstitial cells [28] . Furthermore, it has been found that LncRNA MEG3 directly targeting miR-133a-3p to inhibit the bone marrow mesenchymal stem cells differentiation in osteoporosis [56] . As shown in Fig. 7 , in the present study, we also confirmed that AK131850 directly competed miR-93-5p in N-OC and M-OC through sponge, thus increasing VEGFa transcription, expression and secretion through derepressing of miR-93-5p on it. Moreover, the increased secretion of VEGFa in N-OC and M-OC remarkably promoted proliferation, differentiation, migration and tube formation of EPCs. In summary, we provided the first evidence that lncRNA-AK131850 sponged miR-93-5p in N-OC and M-OC to enhance the 
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Cellular Physiology and Biochemistry secretion of VEGFa thus promoting vasculogenesis of EPCs. Accordingly, we proposed an innovative view different from previous studies that not only PDGF-BB secreted by Pre-OC enhanced angiogenesis, but also VEGFa secreted by N-OC and M-OC stimulated vasculogenesis during bone development and remodeling. These findings further confirmed that OCs at different stages during osteoclastogenesis all played a vital role in the processes of neovascularization pivotal to bone development and remodeling. Osteoclast-stimulated neovascularization was deserving of further investigation to more precisely define the molecular mechanism involved and to identify the role in physiological and pathological settings during bone development and remodeling. It may help develop novel therapeutic approaches for neovascularization in bone disorders such osteonecrosis.
